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1 
This invention relates to the production of new 
synthetic resin materials having valuable prop- 
erties that make them especially useful in coat- 
ing, adhesive and laininating applieations, and 
also in the production of shaped Inasses by Inold- 
ing, casting and extruding, especially of fila- 
Inents and fibers for textile applications. This 
application is a continuation-in-part of Iny co- 
pending applications Serial No. 496,588, filed July 
29, 1943, now abandoned, and Serial No. 746,882, 
filed May 8, 1947, which in turn is a continuation- 
in-part of Serial No. 509,761, filed Noveinber 10, 
1943, now abandoned. 
Linear Polymers containing halogen substit- 
uents only are extreinely hydrophobic and fila- 
Inents Inade froin thein are also of this character. 
Fabrics Inade therefroin have the serious disad- 
vantage of not being capable of absorbing Inois- 
ture froin the body of the wearer, which giv6s 
rise fo a feeling of discoinfort to the wearer, 
especially in warin or hot weather. In addition, 
the failure to pick up or retain sinall but appre- 
ciable ainounts of water greatly hainpers the 
ability of the fabrics Inade therefroin to recover 
froin any distortions produced during wear. 
It is an object of this invention to produce 
novel halogen-containing copolyiners which have 
iinproved properties adapting thein especially for 
the production of filainents and fabrics having 
iinproved characteristics, and particularly a 
controllable hydrophilic character, so that the 
above-inentioned disadvantages are substantial- 
ly overcoine or greatly reduced. 
The invention is Inoreparticularly concerned 
with partially to coinpletely hydrolyzed copoly- 
Iners of vinyl esters of straight chain aliphatic 
acids having 1 to 18 carbon atoins in the chain 
with Inonoineric coinpounds having the forinula 
RI'C--CFC1 in which 1 and R' are selected 
froin the group consisting of hydrogen and fiu- 
orine atoins and are either the saine or different, 
and coinpositions coinprising such copolyiners. 
Exainples of vinyl esters within the scope of the 
present invention are vinyl acetate, vinyl pro- 
pionate, vinyl laurate, vinyl chloracetate and 
the like. 
The coPolyiners to be hydrolyzed Inay be ob- 
tained by reacting the Inixed Inonoiners" at tein- 
peratures ranging from rooin temperature to 
about 50 ° C., either by subjecting the Inixed 
Inonoiners to ultraviolet light or by allowing the 
Inonoiners to stand (with or without exposure 
to ultraviolet light) at the desired teinperature 
in the presence of a suitable catalyst, such as an 
organic or inor_ga.njç peroxFgen compound, 

2 
benzoyl peroxide being a representative catalyst. 
Polyinerization Inay be effected in bulk or in 
solution in a suitable solvent, such as acetone. 
Copolyinerization is qulte rapid and Inay be coin- 
5 pleted in periods of frein rive te eight hours, 
though longer periods may be necessary in cer- 
tain circuinstances. Alternatively, the Inono- 
Iners Inay be einulsified in water with 1 te 5 % of 
a suitable einulsifying agent, such as a higher 
10 fatty alcohol sulfate, an alkyl aryl sulfonate, or 
a sulfonated higher alkyl diester of an aliphatic 
dicarboxylic acid. By controlling the propor- 
tions of the Inonoiners and the Conditions of 
polymerization, the proportion of available hy- 
15 drolyzable groups in the product Inay be prede- 
terinined to provide copolymers containing from 
1% te 99 % by weight of hydrolyzable Inonoineric 
units. 
The copolyrners Inay be hydrolyzed by dis- 
20 solving thein in suitable solvents, such as acetoffe, 
chloroforin and dioxane, and then introducing 
the solution into an acid Inediuin which is prefer- 
ably anhydrous and Inay be a solvent or pre- 
cipitant for the hydrolyzed copolymer obtained. 
25 The Inediuin may be Inade acid by dissolving dry 
i ', hydrogen chloride therein. The hydrolysis Inay 
be carried out at rooin teinperature or at lower 
or higher teinperatures such as frein 0 ° C. te 50 ° 
C. or at the boiling point of the solvent used. 
3o The tiine Inay be varied frein a Inere Inatter of 
a few seconds te rive Ininutes up te one te six- 
teen hours or more depending upon .the par- 
ticular copolyiner undergoing hydrolysis. Co- 
polymers of vinylidene chlorofiuoride with vinyl 
35 acetate hydrolyze rapidly even at rooin teinpera- 
ture and partial hydrolysis Inay be obtained by 
einploying lower teinperatures between about 0 ° 
C. te' 10 ° C. where the reaction rate is slowed 
down se that any degree of partial deacylation 
40 can be obtained Inerely by reinoving the par- 
tially hydrolyzed copolymer frein the acid 
Inediuin. 
The following examples are illustrative of the 
invention: 
45 Exampe 1 
Twenty parts by weight of vinylidene chloro- 
fiuoride in liquid ferre were introduced into a 
pressure vessel transparent te ultraviolet light 
containing 50 parts by weight of vinyl laurate; /2 
5o part by weight of benzoyl peroxide, and /2 part 
by weight of tretraethyl lead. After sealing the 
vessel, it was exposed te ultraviolet light and 
agitated until coinplete disappearance of the 
liquid phase. The copolyiner obtaiied was a 
55 waxy Inass. The copolyiner was dissolved in 
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dioxane to produce a 10% solution by weight 
and agitated with an equal volume of methanol 
saturated with dry hydrogen chloride ata tem- 
perature of 40 ° C. for one hour. The laurate 
groups were 80% .removed and the product was 
round fo be dispérsible in water. OEt was applied 
in an aqueous medium to spun rayon yarns in a 
conventional slasher. The yarns thus dressed 
were woven and knitted into fabrics which were 
subsecluently dyed and scoured. Waving and io 
knitting were accomplished with excellent re- 
sults and the size on the yarns did hOt interfere 
in any way with the uniformity and depth of 
penetration by the dye. 
15 
Into 100 parts by volume of water in a sealed 
container, there were introduced 20 parts by 
volume of v!nylidene chlorofluoride, 20 parts by 
vo.lume Pf _vinyl .acétaté about 1% of a.ctalyst 20 
made up of équál parts, of benzoyl per0xidC and 
tètraethyl lead, and about 3.% by Weight of 
Dup6nol a higher fatty alcohol sulfate). The 
sealed container Was agitated for one week. ThL whlte powder obtained W_s a cop01ymër in Which 25 
thrëe .mols of vinyl acetate Wei'e combined t0 
every mol of vinylidene chlorofluoridë. This 
pol _Ymer oftened..a t about 95 to 100 ° C. and 
came a viscous melt at 155 to 160 ° C. It was 
soluble in acet0ne. It was insoluble in ettyl 30 
alcohol and ether but swelled in dioxane, chloro- 
form and benzene. 
The copolymer pr0duCed Was ormed. int0 
ments bY extrusi0n thrbUh 'spinneret oriflces of 
the heat-soîtened polymer at about 155 to .160 ° C. 35 
Clear, colorlèss, strong and flexible fllaments werç 
thus obtained.. T.he strength and flexibility_ were 
round, tobe .increased. b ircreasing .the am0unt 
of Stretch applied during the extrusion or after 
the formation and setting. Of .the fllam_ents, tie 40 
fllaments, in. the latter..case being rendered .sft 
by. heat .or the application of a solvent, Fila- 
ments were als0.sp.un` bY. et and dry spinning, 
using acetone.as.the solvent 
This CoP01ymerwas déacety!ated by pouring a 45 
5% solu.tion of .the CopolYmer. in acetone as a 
fine stream. !th. rapid stirring into excess 
mthan01 which .had been_saturated with HC1 
gas at room temperature. The hydrolyzed p01y- 
mer. preciptted immeditely and was rem0ved 
by filtration, and tlen dried. The resulting 
polymer had a sofening point bet«een 65 and 70 ° 
C., .but, surprisingly, did not.become sulïïciently 
Plastic for the f0rmátion of fllaments .by extru- 
sion until a temperature of. about !75 to 180 ° c. 55 
was. reachéd_ Th e. deacetylated copolymer was 
soluble .n acetone and. was insoluble in. alcoho1. 
A mass..of.the deacetylated CoP01ymer was 
fused at 17 C. and was tl/en eXtrUded to form 
filaments. The deacetylated copolymer Was alto 60 
dissolved in acetone and converted iho fila: 
ments by dry sPinning and by Wet spinnfng. 
Example y 
A.mix.ure.oî 3.0 Part b. 01ume "triflùoro- 65 
ch!oroethy!ee, 3 parts by yP!ume of..vinyl ace- 
rate, and about 1.5% by weight of a mixture, of 
equal amounts..of lead .etraetYl and_ bën.zoyl 
perxide was formed in a suitable vessel trans- 
parent to Ultraviolet light a.l :ini:wh.ich the mïx- 70 
tu.e v/as held under pressure .to mai.ntain, the 
rnonomers in thé ifquid condition.. The contets 
were SubjecC to ultraViolet iight at room tem- 
perture ànd Were gui:tgbly 's/alén until the oem- 
plete disappearance of the liquid phase. 
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The product thus obtained was soluble in ace- 
tone, chloroform, butanone; was insoluble in al- 
cohol and ether; and was swelled by dioxane. 
The product begins to soften about 120 ° C. and 
as the temperature is raised it becomes more 
plastic but never really nïelts. Up to 250 ° C. 
there are no signs of decompoition. The co- 
polymer had a degree of polymerization of about 
400 and the ratio of the vinyl acetate monomer 
to the trifluor0chloroethylene monomer in the 
copolmer was 1:4. The copolymer was di- 
solved in chlproform to form a 6.25% solution 
by weight. This Solution was then allowed to 
run in a fine strain, with vigorous stirring, into 
250. cc. of a saturated solution of hydrogen chlo- 
ride in a mixtùre of 75% chloroforme25% 
met14yl alcohol by volume. 
The Slihtly turbid mixturc was then refluxed 
for one hour and alloed fo stand for sixteen 
hour at room temperature. The polymer 
recovered by precipitàtion in 1.5 liters of iso- 
propanol. It was removed bY filtration and dïied 
in vacuo. By this pr0cedure, 20% of the avail- 
able acétate groups were reinoved. Fibers 
extruded of this material and subsequently 
strétched were thermoplastic and did hot shrink 
when subjected to temperatures up to the boiling 
point of water. 
Exampl 4 
A mixture of ll.S parts by volume of trifluoro- 
chloroethylene and 3.7 parts by volume of vinyl 
acetate and 40 parts by volume.of an aqueous 
solution containing 3% by weight of Gardinol 
WA (sodium lauryl sulfate) and 0.01% by weight 
of uranyl acetate was sealed in a vessel trans- 
parent to ultraviolet light. The contents of the 
tube were continuously agitated and subjected to 
ultraviolet light at room temperature for 168 
hours. A 67.5% yield was obtained of a product 
having a softening temperature of 80 ° C. and 
a melting tempërature of 175 ° C. The product 
contained 27 mol per cent vin.yl aCetate and 
the remainder of trifluorochloroethylene. The 
copolymer was deacylatd in the same manner 
as recited in Example S. About 2S% of the 
available acetate grous were thereby removed. 
Ëxarñpe 5 
The copolymerization procedure of Example 
was followed with a mixture of 30 parts by volume 
of trifluorochloroethylêne and 5 parts by volume 
of vinyl acetate uing only 1% by weight of the 
catalyst mixture. The product which was soluble 
in chloroform, soluble to the extent of about 20% 
by weight in 'acetone, but insoluble-,in methanol 
and isopropanol, contained SS.1 mol percent of 
vinyl acetate and was found to string on a hot 
plàte at a temperature of 115 ° C. It formed 
colorless extensible fllaments which developed 
orientation along the fiber axis upon stretching. 
The copolymer was deacylated .in the same man- 
ner as recited in Example 3. 25% ofthe available 
acetate groups were thereby removed. The prod- 
uct which had solubility characteristics similar to 
that of the parent copolymer bec,me tacky at 
140 °. C., had .. tring.-lX int. of 200 ° c. and was 
free of any discolort on. up to 00° .C. The flla- 
ments formed by stringi, ng showed no slinkage 
during subjection to boiling ïvitC 'for two min- 
utes. 
Exampe 6 
The copoly/=neri2ati0n procëdure, of Example 
as foll0wed WithamiXtureof 30 parts by volume 
75 of trifluorochloroethylene, 6 parts by volume of 
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vinyl acetate, and 1% of the cata]yst mixture, 
exposure to ultraviolet light being effected for a 
period of 84 hours. The product was '.a copoly- 
mer containing 36 mol percent of vinyl acetate 
which softens at 80 ° C. and strings at 125 ° C. The 5 
copolymer was deacylated as in Example 3 ex- 
cept that it was refluxed throughout the entire 
period of 17 hours. The product was completely 
deacetylated by this procedure. 
10 
Example 7 
A mixture of trifiuorochloroethylene and vinyl 
acetate in 1:1 molar ratio was subjected to the 
copolymerization procedure of Example 3 in the 
presence of 1% of the mixed catalyst. The prod- 15 
uct contained 56.5 mol percent of vinyl acetate 
and had a shrinkage temperature of 52 ° C. and a 
melting point of 102 ° C. If was soluble in acetone 
and chloroform but insoluble in ethanol. Fila- 
ments were formed from the copolymer and were 2O 
capable of being oriented by drawing in the cold 
or at temperatures up to about 40 ° C. Stretched 
aments were deacylated by submerging them 
with agitation in anhydrous ethanol saturated 
with dry hydrogen chloride at 45 ° C. for a period 25 
of four hours. Then the filaments were removed, 
washed with ethanol and dried. The shrinkage 
temperature was thereby elevated fo about 65 ° 
Example 8 ,0 
A copolymer containing 10 mol percent of vinyl 
acetate and produced as described above in 
ample 3, except that only 1 part of vinyl acetate 
was used for 30 parts of trifluorochloroethylene, 
was extruded in fused condition at temperatures 35 
of 190 ° fo 200 ° C. into fllaments of small diameter. 
By subJecting the fllaments to stretching during 
extruslon or by after-stretching the formed and 
set fllaments, for which purpose they were ren- 
dered sort either by heur or solvent-action, the 4o 
filaments .are improved in flexibility and tensile 
strength and exhibit molecular orientation. T'ne 
fllaments had a shrinkage temperature of about 
11.0 ° C. Stretched filaments were deacylated by 
submerging them in anhydrous ethyl alcohol 45 
saturated with dry hydrogen chloride. After re- 
fluxing four hours, the filaments were removed, 
washed with alcohol .and dried. The shrinkage 
temperature was thereby elevated fo above 120 ° 
Example 9 50 
A copolymer containing 5 mol percent of vinyl 
.acetate and produced as in Example 3 except 
that only 1 part by volume of vinyl acetate was 
used for 60 parts by volume of trifluorochloro- 55 
ethylene was extruded in fused condition .at tem- 
peratures of 200 fo 220 ° C. into small diameter 
fllaments. After stretching as in Example 8, the 
fllaments showed no shrinkage up fo 110 ° C'. The 
stretched filaments were deacylated as in Ex- 60 
ample 8 with proportionate elevation of the 
shrinkage temperature. 
Example 10 
A copolymer containing 12 mol percent of vinyl 65 
acetate and produced as in Example 1 except 
that only 1.2 parts by volume of vinyl acetate were 
used for 30 parts by volume of trifluorochloro- 
ethylene was extruded in fused condition af tem- 
peratures of 185 to 195 ° C. into filaments. After 70 
stretching as in Example 6, the fllaments showed 
no shrinkage up to 105 ° C. The stretched flla- 
ments were deacylated as in Example 8 with 
proportionate elevation of the shrinkage tem- 
peratre. 75 
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Ezcrngle II 
A copolpmer coninng 79.S mol percent of 
vinpl acetate and produced as in Example 7 ex- 
cept that the molar ratio of S:I existed between 
the vinyl acetate and trifluorochloroethy]ene in 
the starting mixture was subjected fo hydrolysis 
as in Example 5 until 50% of the :available ace- 
tare groups were replaced by hydroxyl. The 
sulting product showed no evidence of any shrink- 
age, softening or tackiness up fo 160 ° C. A 10% 
(by weight) solution of the product in a mixture 
of 75% chloroform and 25% methyl .alcohol by 
volume was spun into an aqueous isopropanol 
coagulating bath to form fllaments. 
Hydrolyzed copolymers of trifluorochloroethyl- 
ene containing from 30 to 80 mol percent of vinyl 
acetate are especially advantageous in that by 
hydrolysis, either completely or partially, as in 
Example 5, materials are obtained which bave 
shrinkage points and melting points well above 
100 ° C. and. moisture-retention characteristics 
which can be preselected by control of the etent 
oî hydrolysis. 
All of the hydrolyzed copolyrners of the present 
invention are remarkably resistant to decomposi- 
tion by heat and light. The most heat-sensitive 
of them show no discoloration until a temperature 
of 250 ° C. fs reached and some of them give no 
sign of decomoposition even at temperatures of 
300 ° to 320 ° C. This characteristic places the 
decomposition point far above the melting point 
o the hydrolyzed copolymers so that molding can 
be readily perïormed even without incorloration 
of heat stabilizers. The hydrolyzed products ob- 
tained from copolymers having in the range o 
5 fo 12 mol percent vinyl acetate bave the best 
chemical resistance and are non-inflammable. 
In general, the hydrolyzed copolymers of the 
invention may be formed directly into filaments 
by melt-spinning through spinneret orifices. To 
facilitate such spinning, there may be added plas- 
ticizers, heat stabilizers, lubricants and the like. 
Besides converting the copo!ymers into a- 
ments by melt-spinning, they may be dissolved in 
suitable solvents and either wet or dry spun into 
the form of filaments. In addition, films and 
molded articles of any desired shape may be pro- 
duced ïrom the copolymers by utilization of theh" 
thermoplasticity or by using a solution thereof in 
the solvents mentioned above. The filaments, 
films or other structures may be formed with or 
without admixture of pigments, fil]ets, plasticizers 
and other resins. 
The fllaments formed of a large proportion o 
vinyl ester, e. g. 70 to 80% and the remainder of 
halogen-containing units and in which no more 
than 50% of the ester units are hydrolyzed are 
useful in forming fabrics adapted for flltering oils. 
More completely hydrolyzed copolymers of the 
composition just mentioned, such as those in which 
80% or more of the ester groups are replaced 
by hydroxyl groups can be formed into water- 
dispersible fllaments which can be combined in 
the form of short flbers or continuous filaments 
with flbers or filaments of other materials, such 
as polymers of acrylonitrile or vinyl chloride or 
copolymers thereof with each other or with, up 
fo 15 or 25% in the copolymer, such monomers 
as vinyl acetate, N-vinyl carbazole, 2-vinyl lyr- 
idine, vinylidee chloride, vinylidene chlorofluo- 
ride, trifluorochloroethylene, and the like, which 
are hot readily amenable to textile processing be- 
cause of their extreme hydrophobicity and tend- 
ency to develop static charges, or other reasons, 
such as low strength. The combination of the 
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highly hydrolyzed copolymèrs of the present in- 
vention with the orner fllamentary materials im- 
proves textile processini. -Depending on %he U]ti- 
mate use-o the fabric, woven, knitted or braided, 
the hydrolyzed copolymers may be removed, such 
as by scourini, or allowid to remain. If desired, 
the new fllaments or flbers may be converted into 
spun or contlnuous filament yarns, cords or other 
strand ïorms and then combined with the other 
filamentary material, such as with yarns, cords 
or other strands thereof previous to conversion 
to fabrics. 
All of the filaments of the present invention 
having at least 20% of halogen-containing com- 
ponents have thermoplasticity and can be ren- 
dered tacky-by heating fabrics, yarns, or cords 
thereoï to set their structure by flber-to-flber 
autogenous.adhesion without destruction of their 
flber form, and flber bonding can be obtained by 
heating fabrics which contain up fo 75 or 85 per- 
cent of other non-adhesive flbers. 
The hydrolyzed copolymers may be further 
modifled by reaction with aldehydes such as 
formaldehyde, acetaldehyde, crotonaldehyde, or 
polymers %hereoï, such as trioxymethylene or 
metaldehyde, in the presence of acid catalysts 
such as aluminum chloride, zinc chloride, sodium 
bisulfate, sulfuric acid, hydrochloric acid and the 
like. The resulting acetals can be converted into 
shaPed transparent masses, such as filaments, 
films, tubes, rods, or the like by extrusion, mold- 
ing, or other procedure. Many of them are also 
useïul as coating and textile sizing compositions. 
Solutions of the deacylated copolymers may be 
ruade, such as in acetone, chloroform, and the 
like and used for coating surfaces of wood, paper, 
textiles, glass and metal, and for sizing, dressing, 
and setting twist in yarns, tire cords, fabrics and 
the like. 
Itis to -be understood that changes and varia- 
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tions may be made without departing from the 
spirit and scope of the invention as deflned by 
the appended claires. 
I claire: 
5 1. A material comprising a deacetylated co- 
polymer of vinylidene chlorofluoride and vinyl 
acetate having a soïtening point of about 65 to 
70 ° C. 
2. A material comprising a copolymer whose 
10 comportent units comprise vinylidene chlorofluo- 
ride, vinyl alcohol, and an ester comportent hav- 
ing the formula HCH=HCOOCR wlere Ris a 
straight chain alkyl group having 1 to 18 carbon 
atoms, the copolymer being derived by hydrolyz- 
15 ing a copolymer containing ïrom 1 to 99 percent 
by weight of ester comportent and the remainder 
of the vinylidene chlorofluoride. 
3. A material-comprising a copolymer whose 
monomeric constituents comprise vinylidene 
OEo chlorofluoride,vinyl alcohol, and an ester compo- 
nent having the formula HCH=HCOOOE where 
1 is a straight chain alkyl group having 1 to 18 
carbon atoms, the copolymer being derived by 
hydrolyzing a copolymer containing ïrom 5 fo 80 
5 mol percent of ester comportent and the remain- 
der of the vinylidene chlorofluoride. 
4. A material as deflned in claire 3 in which 
the eser comportent is vinyl laurate. 
5. A material as deflned in claire 3 in which the 
3o ester component is vinyl acetate. 
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